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their constituent cells. New uniseriate and multiseriate rays are formed 
by the cambium, the multiseriate rays arising by lateral enlargement of 

the uniseriate ones. 

As Kribs’ (6) and Barghoorn’s (4 & 5) investigations have shown, 
there are various trends of morphological deviation from this primitive 
type of ray structure. The most significant of these are (1) increase 
in the size or the number of the multiseriate rays, (2) reduction in the 
height or the number of the uniseriate rays, (3) reduction in the size or 
the number of the multiseriate rays and (4) changes in the form and the 
orientation of the constituent cells of the rays. Certain of these trends 
of phylogenetic modification are first detectable in the later stages of 
the ontogeny of the stem or root. Thus, many dicotyledons tend to 
retain relatively primitive types of ray structures in the first-formed 
secondary xylem after the rays of the outer wood have become more or 
less extensively modified. On the contrary, the phylogenetic reduction 
or elimination of multiseriate rays frequently progresses in an inverse 
direction, viz. from the earlier toward the later stages of the ontogeny 
of the secondary body. Under these circumstances, the outer secondary 
.xylem exhibits more primitive types of ray structure than does the first- 
formed secondary xylem. Therefore, in dealing with rays, it is essential 
to keep in mind that “the phylogenetic modification of rays is achieved 
by consecutive series of increasingly modified ontogenies, ’ Barg- 

hoorn (4). 


C.ROUP I. ICACINOIDEAE 


Trilacunar Icacineae: Vessels with scalariform perforations 

The first-formed rays of the secondary xylem of Calatola, Citronella, 
Dendrobangia, Rmmotum, Occopctalum, Ottoschulzia, Pcnnantia Cun- 
ninghamii Miers and Platca latifolia Bl. are of the primitive hetero¬ 
geneous I type. The vertically very extensive multiseriate rays vary 
somewhat in width, in number and in the shape of their constituent cells. 
The ontogenetic changes that these rays undergo during siib.sequent 
enlargement of the stem fluctuate considerably and give ri.se in the later- 
formed wood to different ray patterns that are characteristic of the 
various genera and species.' Thus, in Oecopctalum gualemalcnsr 
Howard, the multiseriate rays tend to retain a slender form, consider- 


‘In this paper, the ra\'s are described and illustrated as seen in tangential lonfji- 
tudinal sections of the xvlem. For illustrations of transverse sections of the wood of 
various representatives of the Icacinoideae, the reader is referred to the |)lates in 
the preceding papers of this series, Hailey and Howard (1,2 and 3). 
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able height and relative wide spacing in the later-formed wood, Fig. 1. 
Similar widely spaced, high multiseriate rays are formed in Emmotum 
holosericeum Ducke, but they are much broader and are characterized 
by having a sclerotic modification of their constituent cells. The broad¬ 
ening of the multiseriate rays is much exaggerated in Ottoschulzia 
cubensis (VVTight) Urb., Fig. 7, and the uniseriate rays are reduced in 
height and are composed of vertically shortened cells. In the allied 
genus. Poraqueiba, as in various species of Quercus and Casuarina, the 
huge multiseriate rays of P. sericea Tul. e.xhibit various stages of phylo¬ 
genetic dissection into so-called aggregate rays. Fig. 8. 

There is considerable widening and dissection of the multiseriate rays 
in the later-formed wood of Platca latifolia Bl. and Pennantia Cunning- 
haniii Miers, and manv of the lower multiseriate ravs exhibit a fusiform 
outline in tangential sections. Fig. 2. Such a tendency for widening and 
dissection of the multiseriate rays is emphasized in various species of 
Citronclla, Fig. 6, and is associated with a conspicuous increase in the 
number of multiseriate rays and a corresponding decrease in the num¬ 
ber of uniseriate ones. similar increase in the number of multi¬ 
seriate rays at the expense of the uniseriate ones occurs in the wood of 
Calatnla, Fig. 5, and certain species of Apodytes, but in these plants the 
multiseriate rays retain a more slender form. 

The first-formed secondary xylem of .{nisomallon, Pittosporoides, 
Cassinopsis, most species of Apodytes, Platea excclsa Bl. and P. philip- 
pincnsis Merr. exhibits various stages of the reduction in width, height 
and number of the multiseriate rays. .As these rays are reduced in 
width, their constituent cells frequently tend to become more elongated 
vertically and thus to resemble the cells of the unmodified uniseriate 
rays. The multiseriate rays of the later-formed wood tend to be reduced 
in height and width, but not in number. In .[nisomallon and Platea, 
Fig. 3, they are higher and relatively widelv spaced, whereas in 
Apodytes, Fig. 4, they commonly are lower and are very numerous per 
unit area. Their cells still differ from those of their uni.seriate exten¬ 
sions, and from the cells of the independent uniseriate rays, in being 
raflially rather than vertically elongated. This trend of j)hylogenetic 
specialization in ray structure, which progresses from the earlier toward 
the later stages of ontogeny, culminates in other families of the dicot¬ 
yledons in the elimination of multiseriate rays from the entire sec¬ 
ondary xylem. In the Group I Icacinoideae, it progres.ses only as far as 
the elimination of multiseriate rays from the first-formed secondary 
xylem of certain species. Modified forms of relatively primitive hetero¬ 
geneous I type rays are retained in the later-formed wood. 
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GROUP II. ICACINOIDEAE 

Trilacunar Icacineae: Vessels of the secondary xylem with 

scalariform-porons perforations 

There are three major trends of phylogenetic specialization in the 
rays of the Group II Icacinoideae. The first of these occurs in 
Leptaulus. In this genus, as in Apodytes of the Group I Icacinoideae, 
there is an obvious tendency to reduce the number of multiseriate rays 
in the first-formed secondary xylem of the internodal parts of the stem. 
There is likewise a concomitant tendency to reduce the height and 
width of the multiseriate rays in the later-formed secondary xylem, but 
in Leptaulus, there is, in addition, a more pronounced tendency for re¬ 
duction in the height of the uniseriate rays. This leads to the formation 
of a heterogeneous II type of ray structure, in which the numerous, 
low, fusiform multiseriate rays have relatively short uniseriate 
extensions. 

The second trend of structural specialization occurs characteristically 
in Gonocaryum, Discophora, Stemonurus, Gastrolepis, Urandra and 
Medusanthera. In the wood of these genera, Figs. 9, 10 & 11, as in 
that of certain species of Citronella, Fig. 6, there is a conspicuous ten¬ 
dency for enlargement of the multiseriate rays, but the concomitant 
reduction in the number of the uniseriate rays is carried much farther 
than in the Group I Icacinoideae. There is, however, a considerable 
range of variability in the various species of these genera which illus¬ 
trates different stages of this salient trend of structural specialization. 

The first-formed secondary xylem of Gonocaryum usually has rays 
of the heterogeneous I type, but the number of uniseriate rays varies 
considerably in different species and in different parts of the same 
plant. Similar types of ray structure occur in the first-formed secondary 
xylem of Gastrolepis austro-caledonica (Baill.) Van Tiegh., Lasianthera 
ajricana Beauv., various species of Stemonurus and Discophora, and 
certain less modified representatives of Urandra, e.g. U. Ammui Kanehira 
and U. celebica (Val.) Howard. In other species of Urandra and 
Stemonurus, as in Medusanthera, the uniseriate rays are much reduced 
in number, even in the first-formed part of the secondary body. 

The enlargement of the multiseriate rays in the later-formed parts of 
the secondary xylem is not perfectly synchronized with reduction in the 
height and the number of the uniseriate rays. Thus, in Gonocaryum, 
Fig. 9, and Stemonurus, Fig. 10, the multiseriate rays frequently are as 
large and numerous as in comparable material of Urandra, Fig. 11, and 
Medusanthera, but the uniseriate rays are less reduced in height and 
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in number. In general, the phylogenetic reduction of the uniseriate rays 
tends to progress from the later-formed toward the first-formed sec¬ 
ondary xylem. Therefore, species having a more normal heterogeneous 
I type of ray structure in the first-formed part of the secondary xylem 
tend to retain a higher ratio of uniseriate rays in the subsequently 

formed wood. 

A third trend of specialization in the ray structure of the Group I 
Icacinoideae occurs in Cantleya corniculata (Becc.) Howard, Grisollca 
Thonidssctii Hemsl. and Stcmonurus Mcrrittii Merr. There are more 
or less numerous, narrow multiseriate, as well as uniseriate, rays in the 
first-formed secondary xylem of these plants. During subsequent en¬ 
largement of the stem, these rays are dissected into lower ones and most 
of the uniseriate rays wdden to form multiseriate ones. Thus, the later- 
formed secondary xylem is characterized by having numerous, relatively 
small multiseriate rays and very few uniseriate ones. Fig. 12. In 
Grisollca Thomassctii and Stcmonurus Mcrrittii, the cells of the remain¬ 
ing uniseriate rays and of the much abbreviated uni.seriate extensions 
of the multiseriate ones are reduced in height. Therefore, in the outer 
wood of these species, the rays are very nearly of the so-called homo¬ 
geneous type. 

('.ROUP III. ICACINOIDEAE 

Unilacunar Icacineae: Vessels of the secondary xylem with 

porous perforations 

The later-formed secondary xylem of Mappia, Nothapodytcs and 
Mcrrilliodendron, Fig. 13, resembles that of various species of Calatola, 
Fig. 5, and .Apodytcs, Fig. 4, in having very numerous, closely spaced, 
narrow multiseriate rays, as well as many high-celled uniseriate ones. 
Furthermore, in these genera as in Apodytcs, there is a consp^icuous 
tendency for reduction in the width of the multiseriate rays in the 
secondary .xylem. On the contrary, the wood of Dcsmostachys Vogclii 
Stapjf, Fig. 15, resembles that of Oecopctalum, Fig. 1, in having widely 
spaced, relatively high multi.seriate rays, but it differs from the wood of 
this genus in its much modified uniseriate rays which are comp>osed of 
a few unusually high cells. In the wood of .Msodciopsis, Fig. 14, as of 
Poruquciha, Fig. 8, there is a conspicuous [phylogenetic tendency for 
the dissection of large multiseriate rays into so-called aggregate rays. 
In .-1. Staudtii Engl., Fig. 14, this trend of sppecialization has jprogre.ssed 
to a stage comparable to that in various species of the betulaceous genera, 
Alnus, Corylus and Carpitius. 

The subscandent and scandent repre.sentatives of the unilacunar 
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Icacineae exhibit various stages in the modification of relatively large, 
widely spaced multiseriate rays. Certain of these trends of phylogenetic 
specialization progress from the first-formed, toward the subsequently 
formed, secondary xylem and, therefore, may be studied in stems of 
herbarium specimens.- In such material of Rhaphiostylis, the rays are 
of the heterogeneous I types, and the multiseriate rays extend outward 
from the interfascicular parts of the stele. A somewhat similar type 
of ray structure occurs in young stems of Rhyticaryum elegans Schellenb. 
and R. onocarpum Sch. & Lautb., but the multiseriate rays tend to be 
composed of vertically much elongated cells. On the contrary, there is 
a more or less conspicuous retardation in the formation of multiseriate 
rays in Lcretia and Lavigeria. The first-formed secondary xylem, par¬ 
ticularly of the internodal parts of the stem, is characterized by having 
numerous high-celled uniseriate and biseriate rays. The multiseriate 
rays arise abruptly at varying distances from the primary body, fre¬ 
quently from aggregations of narrow rays. This abrupt transition from 
small-rayed to wide-rayed wood appears to occur at the beginning of a 
new growth layer. In Lavigeria, it coincides with the transition zone 
between the normal and the large-vesselled anomalous secondary xylem, 
and the multiseriate rays are composed of very thin-walled, much modi¬ 
fied cells. The wood of Pleurisanthes is characterized by an evident 
phylogenetic tendency for the replacement of multiseriate rays by 
aggregate rays. The first-formed secondary xylem of Icacina and 
Humirianthera has numerous high-celled uniseriate, or uniseriate and 
biseriate rays, but no large stems are available for determining whether 
multiseriate or aggregate rays are formed during the later-stages of the 
enlargement of the stem. 

lodeae, Sarcostigmateae, and Ph3rtocreneae 

In most species of these highly specialized tribes of climbing plants, 
there is a more or less conspicuous tendency for the elimination of 
multiseriate rays from the first-formed secondary xylem. The least 
modified types of ray structure occur in the young stems of certain 
representatives of the lodeae, e.g. Hosiea sinense (Oliv.) Hemsl. and 
Wils. and Mappianthus iodoides Hand.-Mazz. There are a few widely 
separated multiseriate rays in the former species which extend outward 
from gaps in the primary body. The latter species resembles Leretia 
in having multiseriate rays which commonly arise abruptly at some 

-LarRer stems of several of these genera are not available at present in e.xisting 
collections. 
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distance from the stele. The first-formed and more nearly normal sec¬ 
ondary xylem of most species of lodes and PolypoTondtc is character 
ized by having multiseriate rays with or without varying numbers of 
biseriate or aggregate rays. This type of ray structure predominates 
throughout relatively thick stems of the Sarcostigmateae, Ftp,. 16, but 
not of the lodeae, where much modified multiseriate rays with very thin- 
walled cells are retained in the later-formed anomalous wood. In the 
Phytocreneae, multiseriate rays usually are eliminated from young stems 
except for pairs of wide rays which flank the inwardly projecting strands 

of phloem. 


INTERRELATIONS BETWEEN THl-: SALIENT TRENDS 01 
MORPHOLOGICAL SPECIALIZATION IN VESSELS. 
TRACHEIDS, WOOD PARENCHYMA AND RAYS 


We have demonstrated in the preceding papers of this series that the 
Group I Icacinoideae are characterized by having primitive types of 
vessels, tracheids and wood parenchyma. They obviously have, in 
addition, a high ratio of relatively primitive heterogeneous I type rays. 
On the contrary, the Group III Icacinoideae, which have highly special¬ 
ized vessels, imperforate tracheary elements and wood parenchyma, 
exhibit a high ratio of much modified types of ray structures. The 
Group II Icacinoideae, which show various transitional stages of the 
modification of the vessels, tracheids and wood parenchyma, likewise 
illustrate various trends of structural deviation from the primitive 
heterogeneous I type of rays. 

It should be emphasized again in this connection, however, that 
although the salient lines of phylogenetic specialization in vessels, 
tracheids, wood parenchyma and rays tend in general to be correlated, 
the rates of these evolutionary modifications are not perfectly syn¬ 
chronized in all cases. Thus, in any particular species or genus; the 
changes in the rays may have been retarded or accelerated in relation 
to the specializations of the vessels, tracheids or wood parenchyma. 


Group I Icacinoideae 

In the case of the Group I Icacinoideae, the most primitive combina¬ 
tion of structural characters occurs in Occopetalum. The vessel mem¬ 
bers of Platea are structurally somewhat more primitive than those of 
Occopetalum, but there is an obvious incipient tendency in Platea for 
the vessels to aggregate in radial clusters and for reduction in the 
number of multiseriate rays in the first-formed secondary xylem, par- 
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ticularly of the internodal parts of the stem. The most modified vessel 
members of the Group I Icacinoideae occur in Emmotum, Ottoschulzia 
and Poraqueiba, and in these genera the tracheids, wood parenchyma 
and rays likewise exhibit varying degrees of morphological specialization. 
In Emmotum holosericeum Ducke, the parenchyma is transitional to 
scanty abaxial paratracheal, and there is a conspicuous enlargement 
and sclerotic modification of the multiseriate rays in the later-formed 
wood. In Ottoschulzia cubensis (Wright) Urb., the parenchyma is 
transitional to narrow-banded apotracheal, the bordered pits of the 
tracheids are reduced in size and the multiseriate rays are greatly en¬ 
larged. In Poraqueiba scricea Tul., the huge multiseriate rays exhibit 
various stages of dissection into so-called aggregate rays, but the 
tracheids have remained more or less unmodified. 

All of the remaining representatives of the Group I Icacinoideae, with 
the exception of certain species of Citronella, have retained a primitive 
type of parenchyma distribution, and all of them, with the exception of 
Pennantia, have relatively unmodified types of tracheids. In Pennantia, 
the bordered pits of the tracheids, as of the vessels, are considerably 
reduced in size, but the wood parenchyma and rays are of essentially 
primitive types. Certain species of Citronella resemble Emmotum in 
having parenchyma that is transitional to scanty abaxial partracheal. 
In these species, there are concomitant tendencies for specialization of 
the vessels and for increasing the size and number of the multiseriate 
rays at the expense of the uniseriate ones. Although there is a high 
degree of morphological stability in the tracheids and wood parenchyma 
of Anisomallon, Apodytes, Cassinopsis, Dendrobangia and Pittosporopsis, 
there are obvious trends of specialization in the rays of these genera 
that are more or less closely synchronized with minor sp>ecializations of 
the vessels. For e.xample, the reduction in the height of the multiseriate 
rays in the later-formed wood, and in their number in the first-formed 
secondary xylem, have progressed farther in various species of Apodytes 
than in Anisomallon. The vessel members of the latter genus are in 
general somewhat less modified than those of Apodytes. 

Group II Icacinoideae 

There are at least two, and possibly three, entirely independent lines 
of coordinated specializations in the Group II Icacinoideae. In the genus 
Leptaulus, the simple porous perforations of the vessels arise primarily 
by reduction in the number, and a concomitant increase in the size, of 
the scalariform perforations. The parenchyma is transitional to very 
scanty diffuse and abaxial paratracheal, the bordered pits of the slender. 
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thick-walled tracheids are reduced in size, and the numerous uniseriate 
and narrow multiseriate rays are much reduced in height. On the con¬ 
trary, in the remaining representatives of the Group II Icacinoideae, the 
simple porous perforations of the vessels arise by the elimination of more 
or less numerous bars between the scalariform perforations or, to e.xpress 
the matter ontogenetically, by the cells not forming such secondary wall 
thickening during tissue differentiation. More or less closely correlated 
with increasing specialization of the vessels in these plants are con¬ 
spicuous tendencies for reduction in the number of uniseriate rays, for 
increase in thickness of the walls of the imperforate tracheary elements, 
for reduction in the size of their bordered pits, and for modifications in 
the distribution of wood parenchyma. 

The least modified combinations of structural characters occur in 
species of Gonocaryum and Stcmonurus which have small is(.)lated 
vessels and relatively high ratios of scalariform and transitional types 
of perforations. The tracheids have relatively large bordered pits, the 
parenchyma is either diffuse or transitional to narrow-banded apo- 
tracheal, and there is less reduction of the uniseriate rays, particularly 
in the first-formed parts of the secondary .xylem. There is, however, a 
more or less conspicuous tendency for increase in the size of the multi¬ 
seriate rays in the later-formed wood of various species of these genera. 
This tendency for enlargement of the multiseriate rays is accentuated in 
Medusanthera and the uniseriate rays are much reduced in number even 
in the first-formed secondary xylem. 'Phe vessels tend to occur in 
clusters and have a very low ratio of vestigial scalariform perforations. 
The imperforate tracheary elements have e.xcessively thickened walls 
and their bordered pits are much reduced in size. The wood parenchyma 
is transitional to irregularly banded types in which the vessels are partly 
or completely embedded. 

Dtscophora, Gastrolepis, Vrandra and Cantlcya are characterized by 
a tendency for enlargement of the pits in the lateral walls of the vessels, 
but the structural features associated with this aberrant trend of speciali¬ 
zation fluctuate considerably in the different genera. Thus, in Disco- 
phora the parenchyma is abundant and transitional between diffuse and 
narrow banded apotracheal, whereas in the other genera it is scanty 
paratracheal and vestigial diffuse. The large, very thick-walled, im¬ 
perforate tracheary elements of Cantlcya corniculata (Becc.) Howard 
have large bordered pits, whereas those of Discophora, Gastrolepis and 
particularly of Urandra are reduced in size. The vessels of Cantlcya are 
isolated in distribution, whereas those of Discophora, Gastrolepis and 
Urandra are more or less extensively aggregated into clusters. There is 
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a conspicuous tendency for reduction of the uniseriate rays in all of 
these genera, but the multiseriate rays in the wood of Cantleya differ 
from those of Discophora, Gastrolepis and Urandra, as well as of Gono- 
caryutn, Stemonurus and Medusanthera, in being relatively low and 
very narrow. Similar small, but more numerous and nearly homo¬ 
geneous, multiseriate rays occur in herbarium material of Grisollea and 
in the wood of Stemonurus Merrittii Merr. However, in the latter plant, 
the numerous, small vessels tend to occur in radial clusters, the paren¬ 
chyma is scanty diffuse and abaxial paratracheal, and the slender thick- 
walled tracheids have small but conspicuous bordered pits. The pits 

in the lateral walls of vessels of this plant, as of Grisollea, are of 
small size. 

Group III Icacinoideae 

The structural specializations of the stems of most of the Group III 
Icacinoideae are obviously complicated by the acquisition of a scrambling 
or climbing habit of growth. Therefore, it is essential to differentiate 
trends of phylogenetic modification that occur in trees and shrubs of 
normal habit of growth from those that are characteristic of subscandent 
and scandent plants. It should be noted, in addition, that the most 
reliable means of differentiating the Group III from the Group II Icaci¬ 
noideae is by their unilacunar nodes. Although the vessels of the non- 
scandent unilacular Icacineae have prevailingly porous perforations and 
in general are composed of shorter vessel members, they are only 
slightly more advanced morphologically than the vessels of such highly 
modified representatives of the Group II Icacinoideae as Medusanthera, 
where the ratio of vestigial scalariform perforations is very low. 

The vessels of Mappia, Nothapodytes and Alsodeiopsis tend to occur 
in radial grouping. The wood parenchyma is abundant and transitional 
to irregular-banded apotracheal and scanty paratracheal. The slender 
thick-walled imperforate tracheary elements are of reduced length and 
are provided either with very small bordered pits, Alsodeiopsis, or with 
simple pits, Mappia and Nothapodytes. In the latter genera, there are 
numerous uniseriate and multiseriate rays, but the multiseriate rays are 
reduced in size throughout both the first-formed and later-formed sec¬ 
ondary xylem. In Alsodeiopsis, there is a conspicuous tendency for 
the dissection of large multiseriate rays into so-called aggregate rays, 
and for their elimination from the first-formed secondary xylem. The 
vessels of Mcrrilliodendron are very large and widely spaced. The wood 
parenchyma is very abundant and is transitional to loosely banded 
apotracheal and vasicentric. The numerous uniseriate and small multi¬ 
seriate rays are closely spaced. The cells of both the rays and the wood 
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parenchyma are large, resembling those that occur in Discophora and 
Medusanthera. The thick-walled imperforate tracheary elements have 

conspicuously bordered pits. 

The vessels in the wood of Desmostachys Vogelii Stapf, as in the tirst- 
formed secondarv xvlcm of v'arious subscandent and scandent repre¬ 
sentatives of the unilacunar Icacineae, are reduced in number and exhibit 
a tendency to occur at least periodically in more or less loosely organized 
tangential or concentric grouping. The parenchyma fluctuates in 
abundance and distribution, being transitional between banded apo- 
tracheal and paratracheal. I he thick-walled imperforate tracheary ele¬ 
ments have small conspicuously bordered pits. The widely spaced multi- 
seriate rays resemble those of Occopctalunt, but the uniseriate ray-s of 
the later-formed secondary xylem are composed of only a few, verti¬ 
cally much extended cells. 

The scrambling or climbing rejjreSentatives of Ilumirianthera, Icacina, 
Lavigeria, Lcrctia, Pleurisanthes, Rhaphiostylis and Rhyticaryum, as 
of the lodeae, Sarcostigmateae and Phytocreneae, exhibit various 
peculiar and aberrant trends of structural specialization that are corre¬ 
lated with the acquisition of a climbing habit of growth. The most 
significant of these are tendencies for lateral enlargement and shortening 
of the vessel members, for the development of curious short tracheids 
having relatively thin walls and numerous much enlarged bordered pits, 
for the reduction of banded apotracheal parenchyma to paratracheal 
ty’'pes, for the reduction of widely spaced multiseriate ray's in the first- 
formed secondary xylem either to narrow ray's or to aggregates of narrow 
rays, and for either the elimination of multiseriate rays from the later- 
formed wood, Sarcostigma, or their modification into sheets of much 
modified cells, lodeae, Phytocreneae and Lavigeria. 

It should be emphasized, in conclusion, that there is a very wide range 
of structural variability in different parts of these climbing plants. The 
material available at present is too fragmentary to serve as a basis for 
more than a preliminary investigation of their major trends of struc¬ 
tural specialization. Extensive collections, particularly' of older and 
larger stems, are essential for making reliable detailed comparisons 
between the various genera. 


.SUMMARY 

There is a high ratio of relatively primitive heterogeneous rays in the 
Group I Icacinoideae. 

On the contrary, the Group III Icacinoideae have a high ratio of 
more or less specialized types of ray structures. 
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The Group II Icacinoideae are transitional and exhibit various trends 
of morphological deviation from the primitive heterogeneous I type of 
ray structure. 

The interrelations between the salient trends of morphological speciali¬ 
zations in the vessels, tracheids, wood parenchyma and rays of the 
Icacinoideae are discussed in some detail. 

Although these trends of specialization tend in general to be more 
or less closely correlated, the rates of the evolutionary modifications in 
one category of these tissue cells not infrequently are retarded or 
accelerated in relation to the changes that are occurring in the other 
tissue cells. 
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DESCRIPTION OF I’LATES 


Plate I 



Fig. 

Fig. 


1. Occopctiilum gnatcmalcnsc Howard, Skutch 2l)H0. Tangential 
longitudinal section of the wood, showing typical, heterogeneous 
I type of ray structure. X 50. 

2. Flatca hitifolia Bl., V. U. 30522. Tangential longitudinal section 
of the wood, showing heterogeneous I type of ray structure. X 50. 

3. Platca species, Y. U. 20201. Tangential longitudinal section of 
the wood, showing modified heterogeneous I type of rav structure. 

X 50. 


Fig. 4. Apodytes dimidiata E. Mey., Y. U. 14833. Tangential longi¬ 
tudinal section of the wood, showing much motiified heterogeneous 
I type of ray structure. X 50. 
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Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. 11. 

Fig. 12. 

Fig. 13, 

Fig. 14 
Fig. 15 

Fig. 16 


Calatola costaricensis Standi.. V. U. 2U921. Tangential longi¬ 
tudinal section of the wood, showing very numerous high multi- 

seriate ravs. X 50. 


Citronclla mucronata (Ruiz and Pavon 
Tangential longitudinal section of the 
multiseriate rays. X 50. 


) D. Don, ]\ V. 3405S. 

wood, showing enlarged 


Ottoschiihia cubensis (Wright) Urb., V. U. 9230. Tangential 
longitudinal section of the wood, showing greatly enlarged multi¬ 
seriate ray. X 50. 

Pofocjucibo- scrtcco Tul., L. U. 19244. Tangential longitudinal 
section of the wood, showing aggregate ray. X 50. 


Plate III 

Gonocarvum callcryanum Becc., H. U. S213. Tangential longi¬ 
tudinal section of the wood, showing numerous large multiseriate 

rays and reduced uniseriate rays. X 50. 

Stemonurus luconicnsis (Merr.) Howard, Y. 11.2310. Tangen¬ 
tial longitudinal section of the wood, showing enlarged multi¬ 
seriate rays. X 50. 

Urandra scorpioidcs (Becc.) O. Ktzc., Y. U. 16043. Tangenti.il 

longitudinal section of the wood, showing much reduced uniseriate 

rays. X 50. 

Cantleya corniculata (Becc.) Howard, 1 . P. 12586. Tangential 
longitudinal section of the wood, showing small multiseriate and 

much reduced uniseriate rays. X 50. 


Plate IV 


Merrilliodcudrou rotense Kanehira, Y. U. 23233. Tangenti.Tl 

longitudinal section of the woixl, showing numerous small multi¬ 
seriate ravs. X 50. 

Alsodciopsis Slaudtii V.n^\., Y. U. 24019. Tangential longitudinal 
section of the wood, showing aggregate rays. X 50. 

19758. Tangential longi- 
widelv spaced multiseriate, 

X 50. 


Dc.<>tnostaclty.<i. Vogclii Stapf, Y. (1. 
tudinal section of the wood, showing 
and very high-celled uniseriate. rays. 

Scircostignui Horsficldit R. Br., H. U. 27/1. T.angential longi¬ 
tudinal section of the wood, showing mostly uniseriate rays. X 50. 
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